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In Situ Monitoring with Tradescantia
around Nuclear Power Plants

by Sadao Ichikawa*

Highly sensitive mulational responses of the stamen-hair svstem of some Tradescantia clones
heterozygous for Aower color (blue/pink, the blue being dominant) to fow-level radiation and
chemical mutagens, as demonstrated in the fast decade, seem to endorse this system to be the
most promising bielogical tester for detecting the genetic effects of mutagens at low levels. Two
triploid (thus sterile) clones, KU 7 and KU 9, have heen established as those suitahle for in situ
monitoring of environmental mutagens. fn site monitoring with such Tradescantia clones was
first tried in 1974 arosnd a nuclear power plant in Japan, then has been repeated until 1979
around more nuclear plants. About 260,006 to 1,570,800 stamen hairs were obsetved per vear per
nuclear plant {about 12-million hairs in total), and the data of pink mutation frequency were
analyzed statistically. Significantly increased mutation frequencies were observed and were
correfated to the operation periods of the nuclear facilities and to predominant wind direction,
but not to other environmental factors, Considering physical monitoring data of radiation dose
in the air, internal exposure due to incorporation and concentration of man-made radioactive

nuclides seemed to be of a4 greater importanee in inereasing mutation incidence.

Introduction

The stamen-hair system of some specifie clones of
Tradescantia has been demonstrated to be an
excellent botanical test system to study the genetic
effects of physical and chemical mutagens (1-9).
Those clones are all heterozygotes for Hower and
stamen color (bluefpink; the blue color being domi-
nant), and have been established at Brookhaven
National Laboratory (clones 02, 2031 and 4430) or
at Kyoto University {clones KU 7, KU 9 and KU
20). The characteristics of the Tradescantia stamen-
hair system, that is, the capability of detecting all
pink mutant cells easily without being concealed by
other cell (see Fig. 1) as well as the relative ease of
handling a great number of samples, have proved to
be especially suitable for studying the genetie
effects of low-level radiation {7, 8, 10-16) and even
the variation of spontaneous mutation frequency
{17, 18).

ichikawa (72, i3) demonstrated that the somatic
pink mutation frequency in the stamen hairs kept a
linear relationship with chronie gamma-ray and the
scattering radiation exposures down te 0.72 R,
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after repeating experiments in a gamma feld.
Sparrow et al. {14} demonstrated further that the
somatic pink mutation frequency in Tradescantia
stamen hairs increased linearly with increasing
acute x-ray dose in the extremely small-doge range
of (.25 to 6 rad. According to them, the mutation
frequency with 0.43-MeV fast nentrons was linear
down to 0.01 rad. Increased mutation frequencies
at higher natural background radiation levels (10,
11} and with man-made radipactive nuelides at low
levels {15, 16) have been also reported. The dose
response curve of the somatic pink mutations has
proved to be linear not only in smali-dose range (14)
but also at low exposure rvate (72, 13, 19).

These fundamental data suggest that Tradesean-
tia stamen-hair system can be the most promising
biological tester for detecting the genetic effects of
low-level radiation or radicactivity. The present
paper describes the cases in which {n sita monitor-
ing of radivactive release from nuclear facilities was
tried with the stamen-hair system of Tradescantia.

Materials and Methods

The materials used were two tripleid elones
{2n=18) of Tradescantia heterozygous for flower
color, KU 7 and KU 9, both established az these
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suitable for in sifu monitoring, The KU 7 clone of
T. ohiensiz Ral. (=7, vefleva Raf.) has been de-
seribed to be a tetraploid clone (4, 12, 12, 18 bul is
reported here as a triploid, since our recent chrom-
osome counts on the stock plants as well as on the
materials used in the present study have proved
that all of those examined cytologically have 18
chromosomes. The morphological characteristics of
this clone are, however, essentially unchanged
from those described earlier (§3. The KU 9 ig a
hybrid clone between T. chiensis and 7. paludosa
And. et Woods. (5). Both clones are vigorous in
growth and are sterile because of their triploid
nature. These characteristics are especially impor-
tant for the material to be used in outdoor experi-
ments, for obtaining securely a certain number of
healthy flowers daily for a long period of {ime, and
for preventing being contaminated by any genetic
segregants,

On comparing KU 7 and KU 9 clones, however,
the latter which was found later has characteristics
feasible for easier observation, namely, a higher
contrast between the normal blue and mutant pink
colors, shorter hairs {ca. 20 cells per hair) suitable
for easier and more accurate scoring, and a greater
average number of hairs {ea. 90) per stamen essen-
tial for obtaining a larger sample size {5), and a
lower spontaneous pink mutation frequeney (ca. 3
mutant events per 1004 hairs} (/8) desirable for
making the background “noise” smalier to secure 2
more sensitive statistical analysis. Therefore, the
KU 7 ¢lone which had been used in earlier years of
this study was later substituted by KU 8.

The first long-term scoring of somatic pink muta-
tions in the stamen hairs of KU 7 clone was earried
out in July to October of 1974 around the Hamaoka
Nuclear Power Plant built at Hamaoka, Shizucka,
before and during its test operation (20). The
scoring at this area was contimied until 1977, in
May to October, every year. Similar long-term
scorings were started in 1976 around the Shimane
Nuclear Power Plant at Kashima, Shimane, and the
Takahama Nuclear Power Plant at Takahama,
Fukui. In 1978, the experiments were further
expanded to start scorings around the Ohwi Nu-
clear Power Plant at Ohwi, Fukui, and around the
nuclear power complex in Tokai, Ibaraki. Except-
ing the use of KU 7 at Shimane and Takahama in
1976, KU 9 has been used as the material in thege
areas (see Table 1).

At any of those areas, the tester plants potted in
24 em clay pots with soil from the same source were
placed at three to nine different points (only one
peint in case of Ohwi) around the nuclear facility
and also at one to three points well apart from the
facility. All such points were selected considering
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the wind direction, suniight, drainage, other

ronmential factors, and the convenience of colies-

flowers daily. The plants were watered every
{except ralny days) and were supplied with
nutritional solution (Hyponex, 171000 solution) ~-
a week.

Three to six (mostly four) flowers were eollpet-
from each point every early morning and wor
stored in refrigerator until being observed. Fu
scoring pink mutations, six stamens were taken
from each flower, placed in a small amount of Hquid
paraffin dropped on a slide glass, and were ob-
served under a siereoscope equipped with the
Otympus’ horseshoe-shaped white-eolor fluorescent
lamap at a magnification of 16 or 20 times. The
numbers of stamen hairs and of pink mutant events
were recorded for each stamen observed. A pink
mutant event is defined as a single pink cell or two
or more contiguous pink cells which are considered
to have been derived from a single muiation (2)
{Fig. 1}. In ease of finding of two or more entirvely
pink hairs from a stamen, they were scored as a
single mutant event. Also, 2 row of pink cells in a
hair but separated by a single blue cell was regar-
ded as one mutant event, considering the oceurence
of a somatic erossing over fo be more likely than
simultaneous occurrences of two independent mu-
tationg. The frequeney of pink mutations was
expressed as the number of pink mutant events per
1000 hairs. About 260,000 to 1,570,000 stamen hairs
were observed per year per nuclear plant, and the
total number of stamen hairs observed exceeded 12
million (Table 1).

The above scorings of mutations were carried out
by high-school biology teacher (Hamaoka), univer-
sity students (Shimane), a civil servant (Taka-
hama), a devoted citizen (Ohwi}, or a group of
high-school teachers and scientists (Tokal), under
the guidance of the author. ARl of those persons
involved had been trained in advance for the
stamen-hair observation at least for one week,

The data eollected were grouped into different
points of placing tester plants and into different
periods of seoring (mostly every two-week period},
and were subjected to a contingeney chi-square test
and to an analysis of variance. In cases of experi-
ments in which mutation scoring was made by two
or more persons, differences between scorers were
also examined statistically. Mutation frequency
caleulated for each point and period was compared
with that at control point(s} in the same period and
with, if available, the frequency determined at
respective point before the operation of the nuclear
plang, in order to examine any statistical difference.

Meteorological data employed for the evaluation
of mutation data were mostly supplied by loeal
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Table 1. Summary of the in situ monitoring experiments with Tradescantia around nuclear plants reported in the present paper.

No. of mutant

Nuclear plant Clone Year Searing period Na. of hairs Na. of mutant events  events/1000 hairs
Hamaoka KUT 1974 TI-10/31 (337,014 2,778 4.36 = 0,08
1975 511-10425 512,487 3,064 500 = 0.09
1976 2/19-1H)31 823,457 3,530 4.249 = 0.07
1977 531-10/31 675,430 2,685 3.98 = 0.08
{Total) 2,748,988 12,057 4.34% = 0,04
Shimane 1976 6/30-9/29 491,914 1,925 3,91 = (.09
Takahama 1976 T/5-10/23 7.1 1,871 4.71 = 0,11
(Subtotal) 3.6:38, 003 15,853 446 = 0.03
Shimane KU9 1977 6/12-1018 1,102,568 2,613 287 = 0.056
1978 521-9/6 651,481 1,160 1.78 + 0.05
1979 G/10-10715 SHE.685 1,375 2,30 = 0,06
(Total) 2,452,734 5,151 2.19 = (103
Takahama 1977 H4Y-10/1 1.318.271 3,489 3.03 = 0,05
1978 5/1-1011 1,569.2¢1 4,001 2.55 = 0.4
1979 219130 1,201,875 2.013 2049 = 0.4
(Total) 4,001,437 10,503 2,07 £ 0.03
Ohwi 1978 a/1-9/8 (23,428 1,791 2.81 = 0,07
1979 5/21-9/14 57,772 1,862 317 = 0.07
(Total} 1,211.204 3.613 2,98 = 0.05
Tokai 1978 6/12-9/17 261,641 286 108 = 0.06
1979 5/23-10120 452,770 fatt} 1.83 = 0.06
(Total} 714,407 1,114 1.06 ~ (.05
(Subtotal) 8369778 20,381 2.4 = 0,02
Total 12,007,781 3,234 3.02 = 0,02
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weather stations, but in some cases obtained from
local governmental offices in charge of watching
nuclear facilities.

Results

Experiments at Hamaoka

Mutation seoring at Hamaoka was initiated in
1974 by Mr. Motoyuki Nagata, a biology teacher of
Sagara High School, and then continued until 1977
by him and Mr. Shizuo Oki, a science teacher of
Kakegawa-Nishi Middle School. They observed
about 2,750,000 stamen hairs in total during the
four years detecting 12,057 pink mutant events (see
Table 1).

When the mutation scoring was started onJuly 7,
1974, the Hamaoka Nuclear Power Plant of the
Chubu Electric Power (Co. had a 540-MWe
boiling-water-type reactor (BWR) manufactured
by the General Electric Co. (GE), which was just
nearing completion. The reactor was started up on
August 13 of the same year for the test operation,
but after increasing its power gradually up to about
300 MWe, the test operation was stopped on
October 2, only 50 day after its start, because a
crack was found on one of the cooling-system pipes.
The resumption of the test operation had to be
suspended until February 19, 1975, and the second-
time test operation lasted until October 11, 1975.
The regular operation of the reactor was started on
March 17, 1976, The second reactor (2 840-MWe
BWR of GE) was later instailed in this nuclear
power plant, and it reached the regular operation in
November of 1978.

In 1974, the first year of observation, scoring of
pink mutations in stamen hairs was made daily
-during the period of July 7 through October 31
(about 17 weeks) on the flowers collected from nine
points around the nuclear power plant and one
point (control) in Sagara, an adjacent town of
Hamaoka (Fig. 2). About 640,000 stamen hairs
{consisting of about 17,600,000 hair cells) in total
were observed and 2,778 pink mutant events in
total were detected,

When the data were grouped into ten different
points times eight different periods of two weeks
{the first period was of three weeks) and were
subjected to a contingency chi-square test, a highly
significant difference (<< 0.01) in the pink muta-
tion frequency due to point and period was found. [t
meant that the mutation frequency varied signifie-
antly depending on points and scoring periods. An
analysis of variance also proved that the mutation
frequency differed among points (< 0.01) as well as
among scoring periods (< 0.01). The frequency of
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pink mutations calculated was apparently higher at
certain points located to the northeast to east of the
nuclear plant and in the periods after August 25 and
before October 5, and significantly higher mutation
frequencies were found at points 1 and 5 as eom-
pared to those at Sagara in such periods. Such a
tendency in seen in Table 2 in which the data from
the five points (points 1 to 5 in Fig. 2) located to the
northeast to east of the nuclear plant and those
from the four points (points 6 to 9 in Fig, 2) located
to the northwest to-north are pooled separately to
make the table simpler,

Simple comparison of the mutation frequency at
each point in Hamaocka with that in Sagara in a
corresponding period, however, may not directly
help detecting a mutation increase due to radicac-
tive release, because a difference in mutation
frequency, if detected statistically, might reflect
the influences of different environmental factors
other than radiation levels between places. In fact,
the pink mutation frequency at each point before
the start of the reactor’s test operation differed
from each other significantly, being generally higher
in Sagara than in Hamaoka, as such a tendency is
seen in Table 2. The pre-operation mutation fre-
quencies were determined based on the data col-
lected in the period of July 7 to August 20, [The test
operation was started on August 13, but not effect
of a radiation exposure appears on the KU 7 stamen
hairs for the first seven post-irradiation days (4).]

Therefore, comparison of the mutation data was
made employing the frequency in Sagara and also
that before the test operation as controls. Namely,
the value obtained after subtracting the control
frequency in Sagara in the same period was correc-
ted by the difference in the pre-operation control
levels of mutation frequency between Sagara and
each point. The resultant values are considered to
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Ficurz, 2. Points at which potted plants of KU 7 clone placed
around the Hamacka Nuclear Power Plant.
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Table 2. Numbers of pink mutant events per 1000 stamen hairs of KU 7 clone ohserved in 1974 around the Hamaoka Nuclear
Power Plant."

Hamaoka
) Sagara NE-E NW-N

Period Point 10 Points 1-5 Points 6% Subtutal Total

1727 4.87 = 0.41 3.35 = 0.36 5.02 = 0.54 101 = 0.3007) 135 = 0.25
7/28-8/10 3.35 * 0.64 2.89 = .48 268 = 0.66 2,80 = 0,39 2,97 = (.33
81124 3,84 + (.43 3.76 + 0.27 3.25 = 0.30 255 = 0.20 3.61 = 018
8/25-9/7 4.13 = (.38 4,79 + (.28 4.65 = 0.24 172 = 020 1.61 = 0.18
9/8-21 5.16 = 0.50 6.54 = 0.367 5.1% = (.32 5,85 * 0,24 5.73 £ 0.2
W22-10/5 4.97 + 1.08 5.06 = 0,71 5.69 = 0.73 539 = 0.51 5.2 = (145
10/6-19 3.83 + 0.7 4.07 = 0.43 445 = 0.48 425 = 032 118 = .29
10/20-31 2.87 = 0.42 2,98 = 0.26 3.88 = 0.ag(t) 339 = 0.21 3,30 + 0,19
Total 4.21 = 0.18 4.37 = 0.13 442 = 0.14 139 = .08 1.36 = 0,08
77820 4.32 = (.29 3.54 = 0.227 3.8 = 0.29 36+ 0177 3.85 = 0.15
8/25-10/14  4.54 + 0.28 538 = 0.207 * 4.91 = 0.20 5.15 = 0,14(*) 5.04 = 0.12

%+ + and + denote significantly higher than in Sagara at 0.02 and 0.05 levels, respectively; = and — denote significantly lower thanin
Sagara at 0.01 and 0.05 levels, respectively. (+)and {(—) denote higher and lower than in Sagara, respectively, at the level between 0.05

and 0.10.

reflect primarily the influence(s) of some factor(s)
which occurred in Hamaoka, at least additional to
that in Sagara, after starting the test operation of
the reactor. In Figure 3 are given those values
calculated for each peoint in Hamaoka (those for
1975 are shown together). It is seen in this figure
that in 1974 significant increases in mutation fre-
quency oceurred in the period from August 25 to
October 5, especially at points 1, 5 and 6. It was
also found that the value of mutation increase for
the pooled data for points 1 to 5 and for the above
six-week period was also statistically highly sign-
ificant. The pooled mutation frequency for these
five points for the period from August 25 to October
14 [12 days after starting the test operation to 12
days after stopping it; consider the miximum effect
of an exposure to radiation appearing 12 days later
{4, 12)] was also significantly higher than that in
Sagara as seen in Table 2

Significant increases of pink mutations were
more frequently and more evidently observed in
1975 than in 1974, again more conspicuously at the
points 1 to 5 located to the northeast to east of the
nuclear power plant (Table 3; see also Fig. 3) and
also at the point 6 closest to the reactor (see Fig. 3).
A similar tendency was once again observed in 1976
{Table 4}, but it was rather obscure in 1977 (Tahle
5).

Experiments at Shimane

Observation of the stamen hairs of KU 7 (1976)
and KU 9 clones (1977 to 1979) was carried out by
the Kogai (pollution) study group of students of
Shimane University at Matsue. The group scored
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about 490,000 and 2,350,000 stamen hairs of KU 7
and KU 9, respectively, in those four years (see
Table 1).

The Shimane Nuclear Power Plant built at Kashi-
ma, Shimane, by the Chugoku Electric Power Co.
has a 460-MWe BWR manufactured by the GE, and
its regular operation was started in March of 1974.
This means that the reactor had already been in
operation when the i situ monitoring experiment
was begun, thus no pre-operation mutation levels
could be determined around this nuclear plant.

The tester Tradescantia plants were placed at
five or six different points in Kashima and two
points in Matsue (the adjacent city of Kashima and
the capital of Shimane Prefecture) as shown in
Figure 4. The first-year {1976) scoring of pink
mutation proved highly significant increases of
mutations at the point 5 located to the east of the
nuclear power plant in the later half of the scoring
season (August 22 to September 29), as compared
with the mutation frequencies at the two points in
Matsue, as seen in Table 6. The results of a
contingency chi-square test and of a variance analy-
sis were of course highly significant,

In 1977, when the largest number of KU 9
stamen hairs were observed (about 1,100,000 hairs
which contained 2,613 mutant events; see Table 1),
it was found that the mutation frequency in Kash-
ima as a whole throughout the scoring period was
significantly higher than that in Matsue, a busy city
much more polluted in a general sense, as seen in
Table 7. The frequency of mutations was almost
equally high at any of the six points in Kashima
regardiess of the direction from the nuclear piant in
this year (Table 7). Apparently higher mutation
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Figure. 3. Increases of pink mutant events per 1000 stamen hairs of KU 7 clone at different points (1 to 9)
near the Hamaoka Nuclear Power Plant and in different periods, calculated as explained in the text.
Histograms with lateral stripes are significant at 0.01 level; those with longitudinal stripes at 0.02 level;
and those dotted at 0.05 level.
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Table 3. Numbers of pink mutant events per 1000 stamen hairs of KU 7 clone observed in 1975 around the Hamaoka Nuclear
Power Plant®

Humaoka

Sagara NE-E NW-N

Period Point 1¢ Points 1-5 Point= 6-9 Subtotal Total

5/11-24 4.49 = 0.75 4.94 + 0.56 4.74 = 0.46 182 = (35 4.76 = 0.32
5/25-B/7 5.19 + (.92 5.25 + 0.76 6.39 = 0.74 5.89 = (.53 5.73 = (L46
6/8-21 7.00 = 0.81 7.39 =+ 0.54 748 = 0,54 743 = 0.38 736 = 034
$/22-7/5 5.90 = 0.67 6,94 + 0.45 §.92 = 047 .92 + (.32 6.75 = (1,29
7/6-19 4.32 x 0.66 819z 047+t 7+ 6.30 = 046t TE 033 T T 646 = 0.30
T8/ 4.65 = 1.04 4.08 = 0.49 4.20 * 0,58 118 = 0.37 120 = 0.35
8316 2.19 * 0.52 372 = 032t 3.18 = 0.36 2.50 = 0.240F) 235 + 0.22
817-30 1.40 = 0.53 3.9 = 044t T T 3.21 = 0487 364 =032 F 336 = 0.29
8/31-913 3.93 = 0.78 417 = 0.47 234 = (4 381 = 0,34 3.83 + 0.31
9/14-27 2.58 = (.69 278 + 033 2.72 % (137 296 = 0.25 2.74 = 0.23
9/28-10/11  3.58 = 0.58 525+« 0.4 3.85 = (137 158 = .28 4.42 = 0,25
10/12-25 4.17 + 1.47 3.45 = (.57 3.51 = .61 348 & 042 3.54 + 0.40
Total 4.37 = 0.22 529 + .14+ Tt 491 = 0.147F 511z o0t 5.00 = 0.09

%4+ 4+ +, + +, and + denote significantly higher than in Sagara at 0.01, 0.02, and 0.05 levels, respectively; { +) denotes higher than in

Sagara at the level between 0.05 and 0.10.

Table 4. Numbers of pink mutant events per 1000 stamen hairs of KU 7 clone observed in 1476 around the Hamaoka Nuclear
Power Plant,®

Hamaoka
Sagara NE-E NW-N

Period Point 10 Points 1-3.5 Points 6.9 Subtotal Total

5/19-29 3.46 = 0.5 595 = 053 T T T 522 = 0447 5ad o34t 5.14 = 0.29
5/30-6/12 5.45 = 0.56 5.81 =+ 0.34 5.50 = 0.41 5.8 = 0.26 5.65 = 0.24
6/13-26 6.39 = 0.60 6.19 + 0.44 5.08 = 04507 571 + 031 5.87 £ 0.28
§/27-7/10 7.22 + 0.74 5.65 + 0.41~ 4.13 * 0.44% 5,05 = 0,305 5.49 = 0.29
7/11-24 4.55 + 0.80 5.70 = 0.80 253 £ 0.72 4.75 * (.55 1.66 + 0.45
7/25-8/7 2.87 = 0.64 2.56 = 0.41 227 = 0.51 244 = 0,32 2.54 + (.29
8821 3.60 = 0.63 2.66 + 0.30 2.47 = 0360 ) 258 = g.23() 2.75 + 0.22
8/22 974 4.09 + 0.76 2.39 + 0.36~ 2,21 * (.40~ 231 % 0277 2.63 = 0.26
9/51-18 3.55 = 0.56 3.53 + 0.32 218 * (.44 3.42 = 0.26 3.44 + 0.24
9/19-10/2 4.69 = 0.63 4.26 + 0.29 2.90 £ 0.37= 386 * 0,23 398 = 0.22
10/3-16 293 = 0.34 401 + 025+ 3.87 = 037 T} 397 =t t 374 = 0,18
10/17-31 3.19 = 0.34 4,58 + 028+ + 3.02 = 0.34 408+ g2 3.86 + 0.19
Total 4.30 + 0,16 4,51 = 0.10 2.89 + 0,13~ 4.28 + 0,08 4.29 + 0,07

8+ + 4+, + +, and + denotes significantly higher than in Sagara at 6.01, 0.02, and 0.05 levels, respectively; =

=, and - denote

significantly lower than in Sagara at 0.01, 0.02 and 0.05 levels, respectively; (+) and (—) denote higher and lower than‘in

Sagara, respectively, at the level between 0.05 and 0.10.

frequencies in Kashima than in Matsue were simil-
arly observed in 1978, though the differences were
less significant in general except for some clearly
significant differences found at the points 1 and 5
located to the southwest and the east of the nuclear
power plant, respectively (Table 8). The data
collected in 1979 showed that significantly higher
mutation frequencies than in Matsue were most
frequently found at the points located to the south-
east of the nuclear power plant rather than at the
eastern point (Table 9).

January 1951

Experiments at Takahama and Ohwi

The experiment was first started in 1976 around
the Takahama Nuclear Power Plant and then
expanded to cover the area around the Ohwi
Nuclear Power Plant which was built later closely
to the former (only 14 km east of the former; see
Fig. 5). The mutation scoring to monitor the
Takahama plant was made by Miss Akiko Kuma-
hara, a civil servant working at the Maizuru Office
of Kyoto Prefecture, observing about 400,000 KU 7

151




Table 5. Numbers of pink mutant events per 1000 stamen hairs of KU T clone observed in 1977 around the Hamaoka Nuclear
Power Plant.*

Hamaoka
Sagara NE-E NW-N

Period Points 10, 11 Points 1-3,5 Points 6,9 Subtotal Total

5/31-6/11 5.22 + 0,70 5.71 = 0.51 3,61 = 0,54(7) 4.96 % 0,38 5.02 + 0.33
6/12-25 6.37 + 0.48 7.13 + 0,50 6.16 = 0.61 6.78 + 0.39 6.62 = 0.30
6/26-7/9 4.37 = 0.45 4.71 = 0.40 4.47 = (.64 4.65 + .34 4.55 + 0.27
T/10-23 2,31 = 0.41 3.63 % 040" 2.02 + 0.42 3.10 + 0.30 2.87 = 0.24
712486 2.19 = 0.50 2.00 = 0.49 1.36 = 0.55 2.65 + (.39 2,49 = 0.31
B7-20 2.94 = 0.40 3.07 = 0.27 9.55 = 0.40 2,95 * 0.22 2.93 = 0,19
8/21-9/3 472 + 0.36 3.67 £ 035~ 2,59 = 0,42(7) 3.64 + 0,27 4.09 = 0.22
9/4-17 2.06 = 1.03 2.80 + 0.96 0 £0 2.51 * (.83 2.35 = 0.65
9/18-10/1 3.28 + (.52 2.98 = 0.44 176 = (.20 2.86 + 0.20 2.95 + 0.23
10/2-15 3.87 = 0.29 3.83 + 0,23 3.88 £ 0.35 3.85 + 0.19 3.85 = 0.16
10/16-31 4.66 = 0.71 3.24 + 0,327 2.85 = 057" 516 + 0,28~ 3.44 + 0.96
Total 4.20 = 0.14 4.11 = 0.11 3.39 * 0.15 3.88 = 0,007} 3.98 = 0,08

3+ denotes significantly higher than in Sagara at 0.05 levels; =, =, and — denotes significantly lower thap in Sagara at 0.01, 0.02,
and 0.05 levels, respectively; {—) denote lower than in Sagara, at the level between 0.03 and 0.10.

Table 6. Numbers of pink mutant events per 1000 stamen hairs of KU 7 clone ohserved in 1976 around the Shimane Nuclear
Power Plant.®

Kashima,
Matsue E SE SW
Period Point 7, 8 Points 5 Points 24 Point 1 Subtoetal Total
6/30-7/10  2.50 = 0.43 3.39 = 0.56 2.92 + (.36 2.91 = (.62 3.04 = 0.27 2.91 x 0.23
7111-24 3.13 + 0.57 2.40 + 0.47 237 = (.31 2.8% =+ 0.54 2.48 * 0.24 2.59 x 0.22
T125-8/7 3.26 x 0.49 2.86 + 0.50 3.44 = 0.34 2.84 = 0.4% 318 + 0.24 319 = 0.22
8821 3.60 = 0.48 3.48 = (.51 489 = 042077 g8 = 0.82 4,44 + .31 4.23 = 0.26
8/22-9/4 3.86 + 0.32 550 = 0567 T 415 x 0.34 3.09 = 0.64 4.41 = 0.27 4.20 = 0.21
9/5-18 4.82 + 0.24 672 0.667 T T 477 x0.36 .13 = 0.49 5.28 = 0.27 5.11 = 0.21
9/19-29 2.47 + 0.54 574+ 0747 T T 286 = 0.50 330 = 0,34 3093 + 0347t 3.64 = 0.29
Total 5,79 = 0.17 447 x 02271t 382 %014 372 = (.22 2.96 = 0.11 2.91 = 0.09

84 + 4+, + +, and + denote significantly higher than in Matsue at 0,01, 0.02,

Matsue at the level hetween (.05 and 0.10.

and 0.05 levels, respectively: { +) denotes higher thanin

Table 7. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1977 around the Shimane Nuclear
Power Plant.?

Kashima
Matsue E SE SW
Period Point 7, 8 Points 5, 6 Points 24 Point 1 Subtotal Total
6/12-25 2,99 + (.22 2.55 = 0.25 2.44 = 0.19 2.54 = 0.35 2,49 + 0.14 2,42 = 0,12
6/26-7/0 1.82 * 0.22 1.93 = 0.23 260 =021 a5 032 228 = 14dT) 26 = 012
7/10-23 2.55 = 0.24 2.57 = 0,29 2,89 = .22 2.20 = 038 2.43 = 0,16 2,47 = 0,13
7/24-8/6 227 + 0.23 251 + 0.28 2.79 = (125 3.00 = (.51 2.7 = 0.17 2.57 = 0,14
$/7-20 2,08 = 0,26 283+ 0,29F 214 = (.20 2,73 + 0.4 244 = (.15 2,35 = (.13
82193 2,54 + 0,29 2,32 + 0,26 2.51 = 0.21 2,81 = 0.41 250 = 0.15 2,51 (1,13
9/4-17 172 + 0.38 1.95 = (.29 2.30 = 0,24 226 = 035 219 = 016 213 = 0.15
918-10/1  1.71 = 0.36 2.25 = .42 2,01 = 0.24 231 = 0.42 212 = 119 205 = (117
10/2-18 0 = 276 = 037t 260 = 0370F)  2ad =0ty pes 2 02287) 259+ 021
Total 2.18 = 0.00 242 + 0100 242 = go7t 246 =013t sz o0st 237 = 0.05

2+ + and + denote significantly higher than in Matsue at 0.02 and (.05 levels, respectively: (+)denotes higher than in Matsue at the
level between 0.05 and 0.10.
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FiGure. 4. Points at which potted plants of KU 7 (1976) and KU
9 (19%7 to 1979) elones placed around the Shimane Nuclear
Power Plant,

stamen hairs in 1976 and as many as 4,090,000
stamen hairs of KU 9 in 1977 to 1979 (see Table 1).
The in site monitoring around the Ohwi plant was
carried out by Miss Kiyo Nagatani, a devoted
citizen working at a local clinic, who scored about
1,210,000 KU 9 stamen hairs in 1978 and 1979 (see
Table 1).

Both the Takahama and Ohwi nuclear plants built
at Takahama and Ohwi towns of Fukui Prefecture,
respectively, are owned by the Kansai Electric
Power Co. The Takahama plant is instailed with
two 826-MWe pressurized-water-type reactors
(FWR’s) manufactured by the Westinghouse Elec-
tric Corp. (WH), and the first and second reactors
were started to be operated regularly in November
of 1974 and November of 1975, respectively. That
is, as in the case of the experiment at Shimane
described above, the mutation frequency levels
before the start of the reactor operation could not

be determined around this nuclear plant. In case of
the Ohwi nuclear plant, on the other hand, its two
huge 1,175-MWe PWR’s manufactured by the WH
were not yet being operated at the time {(June,
1977) when the observation of Tradescantia stamen
hairs was started, thus it was possible to determine
a pre-operation mutation level. The test and regu-
lar operations of the first reactor were started in
November of 1977 and March of 1979, respectively,
while those of the second reactor were delayed until
August of 1978 and December of 1979, respectively.

The points where the tester plants of Tradesecan-
tia were placed for monitoring the Takahama and
Ohwi nuclear power plants are shown in Figure 5.
The first-year (1976} experiment with KU 7 proved,
though the scale was not very large (see Table 1),
that the pink mutation frequencies in all the four
points around the Takahama plant were significan-
tly higher than that in Maizura (11 km west-
southwest of the nuclear plant), and that such
significantly higher mutation frequencies were most
often ohserved at two points located 1.2 km west
and 1.3 km south of the nuclear plant (Table 10).

More intensive scoring was made in 1977, with
observation of as many as about 1,320,000 stamen
hairs of KUJ 9 clone and detection of nearly 4,000
pink mutant events (see Table 1). Highly significant
differences in mutation frequency were clearly
observed between Maizuru (two points) and three
points in Takahama, the mutation frequency being
higher at the latters as shown in Table 11. Especial-
Iy, the frequencies of pink mutations at the points
1.3 km south of the nuclear plant were often higher
significantly than those in Maizuru as seen in the
game table (mutation scoring at the point 1.2 km
west of the nuclear plant could not be made in this
year).

In this second year of the experiment, mutation

Table 8. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1978 around the Shimane Nuclear
Power Plant.?

Kaghima
Matsue E SE SW
Periad Paints 7, 8 Points & Points 2-4 Paint 1 Subtotal Total

5/21-6/3 1.95 * 0.22 2.25 = (.31 2.10 = 0,18 284 =0t t 2.29 ~ 014 2.20 = 0.12
6/4-17 1.78 = (.24 2,05 £ 0.32 1.92 = 018 2,29 = 1,485 2,02 % (0,14 L9 = 0.12
6/18-7/1 1,42 = 0.20 1.74 £ (.31 1.94 = 0.19( ) 1.55 = .32 1.83 £ 0.15 1.71 = (.12
15 1.22 = 0.22 2220417 127017 1.37 = 0,32 147 = .15 140 = 012
716-29 1.31 = 0.22 1.01 = 0.30 1.36 = (.22 1.30 = .34 1.27 = 0.16 1.29 = 0.13
7/30-8/12 2.05 = 0.34 2.07 £ 0.55 1.22 = 0.31¢7) 1.55 = (1.349 1.53 + .23 1.72 = 0,19
8/13-26 2.58 + (.86 0.81 + 0.40° 1.45 = 0,33 1.5 = 0.65 1.41 = 0.25 1.57 = 0,24
827-9/6 3.64 = 3.63 2.24 £ 1.12 238 = 1.19 2.41 £ 1180 2.41 = 0.80
Total 1.65 = 0.10 1.89 + 0,14 1.76 = 0,08 1wy =047t 1.83 = 0,06 1.87 = 0.05

a4 + and + denotesignificantly higherthanin Matsue at (.02and 0.0 levels vespectively; — denatessignificantly lower thanin Matsue at
0.05 level; (+) and (—) denote higher and lower than in Matsue. respectively. at the level between (105 and 0.10.
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Table 9. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1979 around the Shimane Nuclear

Power Plant.
Kashima
Matsue E KK SW
Period Points 7, 8 Point 5 Paints 24 Point 1 Subtotal Tatal
6/10-23 2.43 + 0.27 196 = 038 268=x 025 Lsd =032 232 = 017 235 = (.14
6/24-T17 1.44 = .20 296 <0207 233 x025TFF 1yt =035 223 =017ttt 198 2 0.13
7821 2.4% = 0.27 2,28 = §.36 2.53 + 9.25 2,53 = 0,43 2.47 = 0,18 2.47 = 015
7/22-8i4 1.49 = 0.32 0.94 = 0.36 1.65 = (.32 1.53 = 0.54 1.44 = 0.23 1.46 = 0.18
&/5-18 293 + 0.31 1423 = 0.307 395 x 046077 38 =071 2.99 + 0.2 296 = 0.20
B/19-9%1 2,53 = 0.37 1.14 > 0.347 1812036  1.85 = 107 156 = 0.25~ 1.97 = 0.21
9/2-15 1.69 + 0.34 1.77 = 0.56 371 =059t T F 3043t 240 =028
9/16-29 1.23 = 0.36 2.62 + 2,62 2.85 = 037 T F 2842036 T 23q =027
930-10/15 214 *+ 0.42 2.84 = 0.33 284 = 0.33 262 = 0.26
Total 2.15 = 0.10 185 0137 2gx011T Tt 2us o 238 = 080t 230 + 0.08

a4 + + and + + denote significantly higher than in Matsue at 0.01 and 0.02 levels, respectively; =,

=, and — denote significantly

lower than in Matsue at 0.01, 0.02, and 0.05 levels, respectively; (+) and (—) denote higher and lower than in Matsue,
respectively, at the level between 0.05 and {.10.

Table 10. Numbers of pink mutant evenis per 1000 stamen hairs of KU 7 clone observed in 1976 around the Takahama Nuclear

Power Plant.?
Takaharna
Maizuru N S-W Nw
Period Point 8 Points 1 Points 2, 4 Point 6 Subtotal Total
/510 414 + 1.31 441 = 0,75 5.32 + 0.64 347 = 043 473+ 0.44 4.67 = 0.42
7/11-24 2.65 + 0,64 3.36 = 0.65 610 = 0617 517+ 0.86 519 = 0410 486« 0.35
7/25-8/T 3.15 = 0.63 2.32 = 0.92 5056 = 0910 349 = 078 1.06 = 0.51 375 + 0.40
8/8-21 2,87 + 0.40 - 3.54 = 0.60 3.51 = 0.38 2.50 = 0.57 333 = 0.28 3.22 + 0.24
8/22-9/4 1.86 = 0.38 394 z061 7T 418z 030" 49320667 Tt 3820307t 2374025
9/5-18 4,56 = 0.54 590 = 0.63 6.20 = 062t 633 = 07eT 6.13 = 0.8+ 5.70 = 0.31
9/19-10/2  4.57 = 0.57 5.40 = 0.74 5.41 = 0.53 4,70 = (.61 5.19 = 0.35 508 = .30
10/3-16 5.42 = (.68 6.20 + 0.90 6.43 = (.58 5.74 *+ 0.65 .15 = (1,39 5,98 = 0.34
10/17-23  4.85 + 0.87 6.43 + 1.85 4.79 = 0.589 747+ 085t 5.98 + .48 5,76 = 0,42
Total 2.86 = 0.20 472 +0257 T 500+0187 Tt 5502t Tt g9 =03ttt 4712018

+ + 4+, + +, and + denote significantly higher than in Maizuru at 0.01, 0.02,
Maizuru at the level between 0.05 and 0.10.

and 0.05 levels, respectively: ( + ) denotes higher than in

Table 11. Nambers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1977 around the Takahama Nuclear

Power Plant.?

Takahama
Ohwi
Maizuru N s NW (Hongo)

Period Point 8, 9 Point 1 Point 2 Point 6 Subtotal Point 12 Total

5/9-22 6.45 + 1.29  6.34 * 0.68 3.19 = 0.80 6.14 = 0,73 5.74 = (.44 5.82 = .41
52%-6/5 410 * 031 593+ 0417 T 506 =077 4.27 = (.40 519z 027t F 4.78 = Q.20
6/6-19 3.92 + 0.24  4.00 * 0.35 3.79 = 0.34 4,60 = 0.98 4,15 =+ 0.21 4.06 = 0.16
6/20-7/3 3,13 = 0.22 3.25 * (.32 3.78 = 0,36 3.10 = 0.31 2,36 + 0.19 2,72 + 0,42  3.22 +0.14
417 233+021 312-037T 368204171 350x046FTF 3410237 2284030 2.81 x0.14
1831 211 +0.22 1.97 = 0.34 312 £ 0457 2.15 + (.35 2,38 + 0.22 1,88 = 0.28 218 x (.14
811-14 2.06 = 0.22 250 * 0.36 525 2 0.68F T+ 305 x 048t 338 o2ttt 2452082 266 0.1
815-28 230 + 0.20 2.28 + (.30 2.76 = (.44 2.69 = 0.35 2.53  0.20 1,73 = 0.24(7) 228 = 0,12
829911 2.24 = 0.20 2.04 = 0.29 2.85 = (1.38 2,49 + .33 248 + 0.19 262+ 029 240 x0.13
912-25  1.92 + 0.20 2.46 *+ 0.43 374+ 080T+ 243 £ 0.35 264 £ 0267 230+ 031 225=014
926-10/1 2.55 = 0.27 2.22 * 1.57 2.80 = 1.61 2.10 + 0.74 2.95 + 0.62 1.96 = 0.38  2.37 = 0.21
Total 274 =007 351012t T 3650157 T 330 +0.137 F 85120087 T 223 +0.11%  3.03 £0.05

] ®+ ++, + +, and + denote significantly higher than in Maizuru at 0.01, 0.02, and 0.05 levels, respectively: (~) denotes lower than
in Maizuru at the level between 0,05 and 0.10; * denotes not significantly different from 6/20-10/1 data from Maizuru.
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0 Japon Sea (Wakata Bay)
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Tokahama
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Figure. 5. Points at which potted plants of KU 7{1976) and KU
9 (1977 to 1979) clones placed around the Takahama and Ohwi
nuclear power plants.

scoring was initiated also at one point in Ohwi town
in order to determine the mutation frequency level
prior to the start of operation of the Ohwi plant.
The data obtained showed no statistical difference
from those taken in Maizuru, indicating the muta-
tion frequency at Ohwi in this year was essentiully
identical to that in Maizuru (Table 11).

Very similar results were obtained in 1978 after
conducting scorings on the largest sample size of
about 1,570,600 stamen hairs (see Table 1). Sign-
ificantly inereased mutation frequencies were ob-
served at any of the five points in Takahama
investigated, especially conspicuously at the two
points located 1.3 km west and 1.3 km south of the
nuclear plant as seen in Table 12. The mutation
frequency at Ohwi (Hongo) was not different statis-
tically from that in Maizuru throughout the scoring
season (Table 12}, proving that the frequency at
this point can be used as the conirol for the
experiment around the Ohwi nuclear plant.

No statistical difference at all was found in the
mutation data collected in 1979 (Table 13), although
a considerably large sample size was examined
{about 1,200,000 stamen hairs; see Table 1). It
should be noted that both the first and the second
reactors of the Takahama plant were being stopped
throughout the scoring periods of this year, be-
cause serious troubles had occurred in both reac-
tors.

The data taken around the Ohwi nuclear power
plant in 1978 are summarized in Table 14. The
mutation frequencies at the point in Oshima 2.4 km
south-southwest of the nuclear plant were often
significantly higher than those at the two points in
Hongo (7.4 and 7.8 km south-southwest). The

Table 12. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1978 around the Takahama Nuclear
Power Plant.?

Takahama
Ohwi
Maizuru N S5E S-W NW {Honga)

Period Points 8, 9 Point 1 Point 7 Paints 2, 5 Point 6 Subtotal Point 12 Total

51-14 341 *0.24 387+034 351 % 0.39 3.84 = 0.28 3.79 = 0.45 3.64 = 0.18 3.03 = 0.35  3.50 > 0.13
515-28 341 £ 022 338 +037  3.05 = 0.37 2.69 = 0,26 3.81 = 0.38 356 = 0.17 .04 = 030 3.44 > 012
5729-6/11 3.07=0.2¢ 831=0.36 3.00=203 363 = 0.87 282 + 0.41 281 = 0.17 2722088 317T=0.13
612-25 211=021 297=035% 271 =04 30602t t Y 09 zxa3stt so00x017tt T eszroms 270+ 012
6/26-79 168 =019 161 =028 173+ 0.30 2.05 = 0.22 2.10  0.34 1.90 + 0.14 156 £ 0.26  1.80 = 0.10
71023 1272020 1.8 =032 227+042tt 2u4=o026" 7T 191 -0mY) oottt 1esros 1LTex002
T24-8/6 1432022 176+ 0.34 211 = 0.40 25503177 196 +0.45 2190187+ 191 =x032 1.95=%0.13
8/7-20 163+ 021 220 +041 190 = 0.38 295  ,320+) 189 + 0.43 2.09 = 0.19 182 = 033 1.90 = 0.13
§21-93 125+ 0.19 096 = 0.26 [48 = 0.30 2.04 = 6317 1.87 + 0.44 L6d £ 0.17 1.44 + G30  1.49 = 0.12
9/4-17 195« 0.23 262=055 197 x 0.36 1.80 = 0.28 151 + 0.76 1.98 * 0.20 220+ 0.53 199 = 0.15
918-1¢/1 251 = 0.30 1.94 + 0.69 2.38 = 0.47 2.26 = 0.39 242 + 0.4
Total 233 =007 257+ 01T 247 = 012 289 =000ttt oqocouTtTemaoost Tt 229011 255 = 0.04

3+ + +, + +,and + denotesignificantly higher than in Maizuru at 0.01, 0.02, and 0,05 levels, respectively: ( + ) denotes higher thanin Maizuru at the level

between 0.05 and 0.10,
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Tahble 13. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1979 around the Takahama Nuclear
Power Plant.

Takahama
Maizuru N Sw

Period Points 8, 9 Point 1 Puints 3. 5 Subtotal Total
5/21-27 5.75 = 0.44 4,96 + 0.58 a.4% = (.48 5.2 = 037 5.67 = (128
5/28-6/10 4.61 = 0.27 4.32 = 0.39 4,25 = 0.26 4,27 = 0.2 4.41 = 0,17
6/11-24 2.41 = (.20 2.30 + 0.27 2.66 = .21 2,05 = 0.18 2,49 + (113
6/26-7/8 1.61 = 0.18 1.57 = 0.26 140 = (L.16 1453 = 014 1.51 = 0,11
1/9-22 1.54 = (.18 1.41 = 0.24 L.65 = 018 1.7 = 1L.15 1.56 = 0,11 .
7123-8/5 1.00 = 0.15 L300 = (b2 110 = .16 117 = 0.13 L10 = 010
8/6-19 1.11 = 0.17 1.38 £ 0.26 1.41 = 0.19 1.40 = 0.15 1.28 = (11
8/20-972 111 = 0.17 0.90 = 0.21 1.21 = 0.18 140 = 0.14 L0 = (111
9/3-16 0.99 = 0.14 122 = (.22 132 = 0.1¥ 1.28 = 0.14 1.16 = 0.10
91730 110 = 0.13 110 = 0.17 L1 = 0.4 10 = 0.1t L1+ 0.08
Total 2,10 = 0.07 1.95 = 0,09 2,15 £ 0407 2.08 = 0L05 2,09 = 0.04

Table 14. Numbers of pink mutant events per 1000 stamen very high, showing sudden jumps which are hardly

hairs of KU 9 clone obse}l;:;t:‘ieirn;lﬁjstagound the Ohwi Nuclear expeeted in the high—temperature period (see Dis-

cussion).
Ohwi . .

Ohwi (Oshima) Experiments at Tokai

{Hongo) SSW . , L. ,
Period Points 1, 2 Point 10 Total The ¢n sitw monitoring experiments around the
5114 552 + 0.26  3.50 = 0.48 452 = 0oy  Duclear power Fomp]ex in Tokai were carried out by
51528 329 +022  402=036t)  2s1=x019 Mr. Yasubumi Ueda, a teacher of Johoku High
5/29-6/11 313+ 0.22 463z 03T+t 3e2=x019  School, being assisted by Miss Minako Arakawa,
6/12-25 2.83 £ 0,23 452 = 0.40(“;4; T 341=z021  Mrs. Kazuko Ueda, and other citizens including a

-+ o+t 25 2 oo+ . e . .

6/26-7/9 195 0.19  2.65 = 0.35 2162 017 phvsicist. They made mutation scorings on about
710-28 201 £ 0.21  1.94 £ (.33 L9 =018 ot T hairs of KU 9 clone in 1978 and 1979
724-8%6 210024 158 x 0.34 1.96 = 0.20 ,UJY stamen hairs o clone in 1978 and 197
8/7-20 163 = 0.22 231 =043 1.81 = 0.2¢  (see Table 1), a rather smaller sample size as
8/21-9/3 193031 1.02 =027 155 = (.21 compared to the above-described experiments at
9/4-8 1.03 = 0.46 163 = 0.81 1.23 =

041 other places, but they succeeded in detecting some
Total 2622008 826=013t+t 281 +007  significant increases of mutations.
*+ + + denotes significantly higher thanin Hongo at 0.01 level: . In Tokai, there are many nuelear faciliLies form-
— denotes significantly lower than in Hongo at 0.05 level; (+) ing a huge nuCl_ear power complex: the Nuclear
denotes higher than in Hongo at the level between 0,05 and 0,10, Fuel Reprocessing Facility of the Japan Power
Reactor and Nuclear Fuel Development Corp., the
Tokai Nuclear Power Plant with a 166-MWe
average frequency for the whole scoring season was  gas-cooled-type reactor (GCR) and the Tokai Sec-
also significantly higher at Oshima than at Hongoas  ond Nuclear Power Plant with a 1,100-MWe BWR
seen in the table. of the Japan Atomic Power Co., the Japan Atomic
Pink mutations were detected at almost compa-  Energy Research Institute with several research
rable frequencies at both Hongo and Oshima in 1979 reactors, and some other nuclear facilities of pri-
(Table 15), being different from the results in 1978, vate companies (see Fig. 6). Therefore, the in situ
However, the frequenciez of mutations were evi-  monitoring experiments with Tradescantia had to
dently higher in general as compared with those  cover a wide area in order to detect the effects of
observed in Takahama in the same year (see Table  the nuclear power complex, thus the tester plants
13). Also, the average frequencies for the whole  were placed at one point in Hitacht, nine points in
scoring period at both Hongo and Oshima were  Tokai, one point in Katsuta, and one point in Mito
considerably higher than that at Hongo in 1978 and  (control) as shown in Figure 6.
were comparable to that at Oshima in the preceding The frequencies of pink mutations detected in the
vear {see Table 14). Congpicuous in the data pre- 1978 experiment were considerably lower in gen-
sented in Table 15 is that the frequencies at Oshima  eral as compared to those determined in other
and also Hongo in the period of August 6 to 19 are  experiments described above (see Table 1). The
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Figure 6. Points at which potted plants of KU 8 clone placed
around the nuclear power complex in Tekat.

main reason for the discrepancy was considered to
be that the light source they used for the stamen-
hair observation in this vear was not of the most
appropriate type especially to get a clear contrast
between normal blue and mutant pink colors of hair
cells. Nevertheless, significantly higher mutation
frequencies were detected at the three points (point
1 to 3) located to the southwest of the nuclear fuel
reprocessing facility and at the three points ( points
4, 5 and 7) located to the west of the nuclear power
complex (Table 16). Average mutation frequency

Table 15. Numbers of pink mutant events per 1000 stamen
hairs of KU 4 clone observed in 1979 around the Ohwi Nuclear
Power Plant.?

Ohwi

COhwi {Oshima)

(Hongo) S3wW
Period Points 1, 2 Point 10 Total
5/21-27 591 = 0.44 6.12 x (.55 5.99 = 0.34
H28-6/10 5.74 = .30 5.39 = 0.40_ 5.62 = 0.24
6/11-24 3.21 = 0.22 2.04 * 0.26° 2.85 % 0,17
6/25-1/8 240 £ 0.21 2.15 = 0.28 2,81 = 0,17
7/9-22 219 = .22 228 = (.32 222 +3G.18
7/23-8/5 136 2020 2132035%  L62 x0.18
8/6-19 255 % 0.29 2.75 = .43 261 = 0.24
8/20-9/2 1.73 £ 0.21 1.83 = 0.33 1.76 = 0.18
9/3-14 2,38 £ 0.26 2.22 = 0.52 2.35 = 0.23
Total 337 = 0.09 317 =013 3.17 = 0.07

#4 denotes sigmificantly higher than in Hongo at 0,05 level; =
denctes significantly lower than in Hongo at 0.01 level.

for the eight points in Tokai and Katsuta through-
out the scoring period was also significantly higher
than that at Mite, Table 16.

In 1979, significant differences in mutation fre-
quency were much less frequently detected, but the
average frequency for the five points (points 4 to 8)
throughout the seoring period and also that for all
the nine points in Taokat and Katsuta were signific-
antly higher than that at Mite (Table 17),

Discussion

Higher Mutation Frequencies Occurred
around Nuclear Plants

Highly significantly increased pink mutation fre-
guencies in the stamen hairs of KU 7 and KU 9

Table 16, Numbers of pink mutant events per 1000 stamen hairs of KU 49 clone ohserved in 1978 around the nuciear power
complex in Tokai.*

Tokai-Katzuta

Ohwi
Mito SW w NW Hitachi

Period Point 12 Points 1-3 Points 45,7 Ponts 9,10 Subtotal Point 11 Total

612-25 107 = G40 1.40 + 0.32 1.34 = 0.45 0622022 L0808 Li0x042  LO8 =015
626-77% 0 =0 1.59 = 0.36° ) 043 0.2 089 > 026 LOG =08 0W 052 0.89 = 11§
71023 068 = 0.30 1.12 % 0.35 119 % (.42 098 £ 028 LOS = 020 042043  0.96 = 0.16
T24-86  035+02 214=059TFTF 046025 093 2031 LI2=0287 048 - 028 0.87 = 0,16
&7-20 0.85 = 0.35  1.05 = 0.34 31908t 158 =020 1f1re2 Va6 2043 152 = 018
£21-9/2 D83z 048 157 » 0.42 1.45 = 0.45 068 > 020 107 = 018 DU0 =037 103 =015
Y417 0 =0 1.20 = 0.85 .23 = 0.50 109 =631 1.05 % 0.27 110 = .26
Total 076+ 0.15 14520167 FF 122017t 0w o L= a0t 008 = 01T 100 = 0.06

B4 4+ + gnd + + denote significantly higherthan in Mitoat .02 and L 02 levels, respectively: { + 1denates higher than i Mito at the level

between 0.05 and 0.10.
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Table 17. Numbers of pink mutant events per 1000 stamen hairs of KU 9 clone observed in 1979 around the nuclear power
complex in Tokat.”

Tokai-Kutsuta
Mite sW W NW

Period Point 12 Pointz 1.3 Points 48 Paint= 9,10 Subtotal Tutal

5/23-B/5 1.92 + 0.45 1.57 £ 0.30 2.80 + 0.27 2389 > .36 208 = 11138 2.42 = 017
£/6-10 1.79 = (.54 1.53 = 0.30 2.05 + 0,20 197 = 0.37 237 = (.19 242 = 018
6/20~7/3 0.98 + 0.57 0.83 + 0.34 2,09 £ 2.0% LI3 = 038 LG8 = 0.20 1.63 = 0.19
7/4-17 1.76 = 0.66 1.83 = (.42 1,90 £ 0.34 1.04 = 6,34 LT = 022 171 = 1
7/18-31 2.18 = 0.63 1.82 = .49 2010 = 1.21 L% = 047 1.98 = .37
8/1-14 0 *0 1.25 © 0.27 1.22 = 0.2 .85 = 085 1.22 = D18 120 = 016
8/15-28 1.56 = 0,43 227 + 047 114 + 0,24 153 = 0.2 1.54 = .20
8299111  0.53 = 0.38 233 =064 2.10 = 0.4yt 0.61 = i35 138 = 03007 158 = 0.26
9/12-25 1.30 = 0.53 1.24 = 0.41 206 = 0.2 168 = .30 152 = 0.22 149 = 0,21
%26-10/9  0.92 = 0.46 1.61 = 0.43 211 = 0.37 2.2 = 1.21 LY6 = 0.28 L.8L = (.25
1041020 125 = 0.72 1.29 = 0,59 0.78 = 0.26 1.26 = (156 0,99 = .22 1.02 = 0.2
Total 1.43 + 017 LE7 = 0.12 206 x 0100 T 6L = 0015 187 =007t 1.83 = 0.08

8+ 4+ + and + denote significantly higher than in Mito at 0.01 and .05 Jevels, respectively: ( + ) denotes higher thanin Mito at thelevel

between 0.05 and 0.10.

clones of Tradescantia have been repeatedly found
in the long-term i» site monitoring experiments at
large scales {with ca. 12 million hairs observed)
performed around the nuclear power plants at
Hamaoka, Shimane, Takahama, Ohwi, and Tokai
{also around the spent nuclear fuel reprocessing
facility at Tokai). The data obtained in those
experiments are summarized in Tables 2.5 (Ha-
maoka, 1974 to 1977), 6-9 (Shimane, 1976 to 1979),
10-13 (Takahama, 1976 to 1979), 14 and 15 (Ohwi,
1978 and 1979), and 16 and 17 (Tokai, 1978 and
1979). Most of the data are reported for the first
time, except for some results from Hamaoka repor-
ted earlier by ourselves (20, 21} or introduced by
Grossman (22).

The significantly inereased incidence of muta-
tions was hardly regarded to have oeccurred at
random. The increases in the mutation freguency
examined to be significant as compared to the
frequencies at the control point(s) in the correspon-
ding periods tended to be found repeatedly at
particular points near nuclear plants. In Hamaoka
and Ohwi (Hongo} where the mutation frequencies
before the operation of the nuclear reactors could
be determined, significantly higher mutation fre-
guenecies than such pre-operation levels were also
found at such particular points more frequently
than at other points. Also, such significantly higher
mutation frequencies tended to oceur in some
particular periods.

Such oceurrences of significantly increased muta-
tions not at random suggest strongly the existence
of some mutagenic factor(s) in the environment

' near nuciear facilities, which distributed unequally
at different points and at different times.
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Correlations of Mutation Data with
Environmental Factors

For identifying such mutagenic factor(s) which
caused mutation increases, the nature of the Trad-
escantia stamen-hair test system to be taken into
consideration. The genetic effect of an acute radia-
tion exposure first appears seven and eight days
later in the stamen hairs of KU 9 and KU 7 clones,

respectively, and the maximum effect after 12 days

(4, 5). In case of a continuous chronic exposure, the
maximum effect can be observed ahout three weeks
after starting irradiation {see Fig. 7). These time
intervals are of course modified by temperature, -
being longer at lower temperature. With sach
nature of the test system in mind, it is reasonable to
assume that the mutagenie factor(s) must have
existed at least seven or eight days before the
detection of a mutation increase, most probably 12
days (in case of a single acute exposure to mutagen)
or three weeks (in case of a continuous chronic
exposure to mutagen) before the detection.
Possible mutagenic factors considered to have
been in existence in the environment are pesticides
{fungicides, insecticides and herbicides), some au-
tomotive air pollutants (NO_, 50, ete.), industrial
pollutants, radioactive fallout due to nuclear explo-
sion tests, and natural radioactivity, besides radio-
active nuclides released from nuclear plants, Wind
and rainfall might have affected the intensities of

‘those factors. Temperature is also known to modify

spontaneous mutation frequency in Tradesecantia
stamen hairs (18, 23).

As for pestictdes, special care had been taken to
prevent the tester Tradescantia plants from being
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exposed to pesticides by asking the inhabitants
(mostly farmers) around any points of the monitor-
ing experiments not to use such chemicals near the
tester plants. We had also asked them to record any
uses of pesticides when the uses were unavoidable,
since some of the tester plants were placed near
paddy or crop fields (though most them were placed
in the yards or gardens of private houses}, and the
data which might have been influenced by the uses
were excluded if Judged to be necessary. Any other
information of using pesticides in the surrounding
areas was also collected as much as possible with

the helps of scorers, but we could not find any N

evidences of concentrated uses only at the points
and in the periods where and when mutation
increase were observed, in any of the expemments
reported here,

The amount of automotive. air pollutants must
have been proportional to the traffic in the area.
Any of the areas surrounding nuclear power plants
were, however, those places where much less
traf’ﬁc was seen as compared to the control points
which were mostly set in adjacent cities. There was
considerable traffic at some points in Tokai, but far
less than in the area near the control point in Mito
city.

Essentially no polluting industrial plants (other
than nuclear plants) exist in any of the areas
surrounding nuclear plants excepting Bitachi-
TokaiKatsuta area where some nonnuclear indus-
trial factories are operated. This is just reflecting
the situation that those towns accepted the con-
struetion of nuclear plants only because they had no
other industries benefiting them with economicat
development. Compared to those areas, the control
points are much mare polluted with a variety of
polluting sources. As for the experiment at Tokai
also, there are more polluting sources in Mito than
in Hitachi-Tokai-Katsuta area examined.

Radioactive fallout and natural radicactivity are
well known to increase after rainfalls. Therefore,
the correlation of mutation data with the rainfall
records supplied by the local weather stations was
examined for every experiment. However, no evi-
dent correlations were found in any experiments
between the mutation data and the data of rainfall
and of rainy days. Besides this, the greatly period-
dependent changes cbserved in the pink mutation
frequency were hardly explained by natural radio-
activity, and the geographic differences of the
mutation data could not be caused by radioactive
fallout, the amount of which must be rather con-
stant in such a limited area as in each experiment.
In fact, on the occasion of the largest Chinese
nuclear test on September 26, 1976, sudden in-
creases in mutation frequency occurred at all the
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points in the Takahama experiment after October
10 (see Table 10), while the detection of ! I at this
area was repeatedly reported after October 5 (1.1
and 0.46 pCifg ' from leaves of an Erigeron
species on QOctober 5 and November 4, respective-
ly). Similar but less eclear increases were also
observed at most of the points in the Hamaoka
experiment as seen in Table 4 {the 1976 scoring in
Shimane had already been terminated before the
effect could be detected).

The mutation data were often found to be inver-
sely related to temperature, as expected from
eariier findings (78, 23). By employing the tempera-
ture data supplied by local weather stations or by
local governmental offices, the correlation of muta-
tion frequency with the average temperature 12
days before the mutation scoring was examined for
each experiment [the stamen hajrs are most af-
fected genetically 12 days before flowering (4, 5)1.
The mutation frequency was generally higher in
earlier scoring periods in May to June, decreased
gradually with the lowest level in August, and then
increased again gradually in later seoring periods in
September to October, as typically seen in Maizaru
(Tables 10-13). This general pattern was well in
accordance with the expectation from the tempera-
ture data, namely, temperature being lower in
earlier scoring periods, increasing gradually with
the highest level in August, and then decreasing
gradually in later scoring periods.

However, there were many cases in which muta-
tion frequencies were very much higher than the
levels expected from the temperature, as often
seen in most of the tables (Tables 2-12, 14-17). Since
statistically significant inereases in mutation fre-
quenicy were very often found in the periods of
higher temperature (lower mutation frequencies
were expected), it is possible to conclude that the
temperature variation was not the cause of most of
such significant increases of mutations (The high
temperature in those periods must have instead
suppressed apparent mutation frequencies).

On the other hand, evident relationships were
often found between the oceurrences of significant
mutation increases and the wind data supplied. In
Hamaoka, the winds towards the northeast to east
{thus southwest to west winds) were conspicuously
predominant occupying about 52 to 56% of the wind
directed to the land during the scoring periods, and
the mutations were significantly increased at the
points located to the northeast to east of the nuclear
power plant (see Tables 2-5). In Shimane, winds
towards the east (east-northeast to east-southeast),
southeast (east-southeast to scuth-southeast) and
southwest (south-southwest to west-southwest) con-
stituted about 27-32%, 19-20%, and 32-41%, respec-
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tively, of those directed to the land during the
seoring seasons but differed greatly in the ratio
from period to period, and these wind data seemed
to be correlated with the occurrences of significant
increases of mutations at various or nonspecific
points (see Tahles 6-9). In Takahama, the winds
towards the south-southwest to south were pre-
dominant, constituting around 50% of the winds
directed to the land during the scoring seasons.
Considering the topography of this area, namely,
Mt. Aoba (699 m, often called “Wakasa-Fuji™
extended one of its ridges into the site of the
nuclear power plant from the scuthwest, the winds
actually directed to the north, south, west, and
northwest during scoring periods were calculated
to form about 14-19%, 47-50%, 28-32% and 5-6% of
the winds directed to the land, respectively. Such
distribution of wind directions was also in accor-
dance with the mutation data that significantly
higher mutation frequencies were most frequently
observed at the points located to the squth and west
of the nuclear plant {see Tables 10-12).

Correlations of Mutation Data with
Nuclear Plants

As described above, only wind records were
found to have clear correlations with the mutation
increases, out of various environmental factors
examined. It suggests strongly that some causative
faector(s} of mutation must have been released form
the nuclear plants, most probably in gaseous form.

In the Hamaoka experiment in 1974, statisticaily
significant increases in mutation frequency oeccur-
red in the period of August 26 to October 5 at the
points 1, 4, and 5 located to the northeast to east of
the nuclear plant and at the point 6 closest to the
reactor (see Fig. 3). The results showed a good
coincidence with the test-operation period of the
power plant, which was started on August 13 and
ceased on October 2 because of a crack found on one
of the ecooling-system pipes. If we consider the
nature of the test employed that the maximum
genetic effect of the mutagen treatment appears 12
days later (4), such a eoinecidence between the
mutation increases on the downwind side of the
power plant and the test-operation period seems to
indicate that the nuclear plant certainly discharged
some mutagenic factor(s) during its test operation.
In fact, the pooled mutation frequency for the five
points at the downwind side for the period from
Aungust 25 to October 14 (12 days after starting the
test operation to 12 days after stopping it) was
found to be significantly inereased (see the bottom
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line of Table 2). The results obtained from Hama-
oka in 1975 were similar but much clearver (see
Table 3), probably reflecting the longer test-
operation of the reactor in this year, which lasted
throughout the scoring period.

Significant increases of mutations that were clearly
related to the operation of reaction of reactors were
also observed in other experiments. In Takahama,
no significant mutation increase was found in 1979
(see Table 13) when both the first and second
reactors of the Takahama plant were not in opera-
tion during the mutation scoring period, whereas
significant increases of mutations were often found
in the preceding three years (see Tabies 10-12) when
at least one of the two reactors was being operated.
Also, on comparing mutation frequency between
the Takahama and Ohwi experiments in 1979, it is
clear that the average frequency was very much
higher in Ohwi (compare Tables 13 and 15). In the
Ohwi piant, its two huge 1,175-MWe reactors were
repeating operations (regular or test) and inspec-
tiong in this year (being influenced greatly by the
Three-Mile Island accident), while no operation at
all was done in the Takahama plant during the
scoring period.

In Tokai, the average mutation frequency for the
whole scoring period at the points near reproces-
sing facility was highly significantly increased in
1978 (see Table 16) when the reprocessing facility
wag in operation, while the corresponding fre-
quency was not significantly higher (though it was
higher in figure) in 1979 (see Table 17} when the
reprocessing was being suspended because of some
difficulties.

In some cases, increases in mutation frequency
seemed to be correlated with accidental stops of
reactors accompanying radioactive releases. Clearly
significant increases of mutations were observed at
most of the points in Takahama in early to middle
July of 1978, following an accidental shut down of
the firs{ reactor of the Takahama plant on June 22
(see Table 12). Also, an accidental shut down of the
first reactor of the Ohwi plant on July 14 of 1979
was followed by a significant increase of mutations
at Oshima in the period of July 23 to August 5 and
further followed by mutation increases at both
Oshima and Hongo in the next two weeks (see
Table 15). Increased mutation frequencies in many
of the points in Hamaoka in October of 1976 (see
Table 4) may be corretated with the sudden stop of
the first reactor of the Hamaoka power plant in
later September. Increased mutation frequencies
cbegerved in early to middle August of 1979 around
the Shimane power plant (see Table 9) could also be
correlated to the control-rod accident cccurred on
July 28.
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Most Likely Cause of Increasing
Mutations

The above correlations of mutation data with
wind direction and with the operation of nuclear
plants seem enough to make us suspicious of
nuclear plants as the sources of some mutagenic
factors,

The factors causative of mutations, which are
discharged from nuclear power plants, are of course
gaseous radioactive substances. They are predom-
inantly radioactive rare gases such as ®Kr and
¥e. Since they are exhausted after passing
through a charcoal filter, ®Kr possessing a long
half-life of 10.3 years becomes the major compo-
nent. Besides these rare gases, "*'1 with a half-life
of 8.05 days is discharged at rates of 10~ to 10-? of
rare gases and is very significant biologically,
because it is known that '3'[ is concentrated from
air into plant tissues with an extremely high
concentration factor of the order of 10° to 107 (24,
25). Tritiom or H (12.3-year half life), *’Co (5.27-year
half life), **Mn (278-day half life) and many others
are alse released to the environment together with
the above nuclides. All these radioactive nuclides
are released also from spent nuclear fuel reproces-
sing facilities at higher concentrations.

On analyzing the data of envirenmental radiatien
level taken by electric power companies and by
prefectures concerned, it was found that some
increases in the environmental radiation level had
indeed occurred around nuclear power plants, es-
pecially at Hamaoka. Namely, comparing the data
measured with thermoluminescence dosimeters
(TLD's) before and after starting the test operation
of the Hamaoka plant (the data were available from
May of 1972, shout two years before the test
operation), the environmental radiation level was
found to have been increased after starting the test
operation as much as 7.5 and 8.7 mR per year in
1974 and 1975, respectively, as the averages for
Hamaoka and its two adjacent towns, Omaezaki
and Sagara. It iz Important to note that such
increases are the averages for 32 points distributed
widely including those more than 7 km apart from
the power plant (Comparison of the data before and
after starting the test operation for each point is
nearly meaningless because the measurements of
around 20 mR as accumulated doses for three
months were rather close to the hmit of accurate
measurement with TLIJ), More important is that
the TLD can only measure y-rays, thus the above
data did not include the doses of B-rays. Increases
of envirenmental radiation level around other nu-
clear power plants were less than 5 miliirem per
year, according to the published data, satisfying
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the publicly guaranteed level of less than 5 mR
increase per year. Concerning the environmental
radiation levels around the nuclear power complex
in Tokai, the data have not been supplied to us, but
it was assessed that the maximum increase of the
radiation dose due to radioactive gases released
around the reprocessing facility would be as high as
32 millirem per year.

Even though the increases of environmental
radiation level were small being less than 5, or
about 7 to 9 mR, or at most 32 millirem per year,
sueh inereases of the dose in the air could be very
significant in giving much larger doses to biological
tissues. The reasons are as follows. Some of the
man-made radioactive nuclides are concentrated
greatly in the biological systems (e.g., "'l men-
tioned above); and the above increases of environ-
mental radiation dose are those of only -y-rays,
namely only of external y-ray dose for living
organisms. When radioactive nuclei attach to plants
or animals or are incorporated into their tissues,
absorbed radiation dose, especially of #-rays, be-
comes very much larger. Thus the magnitude of
increase of the dose absorbed to biological tissues
due to concentration of a radioactive nuelide is very
much greater than the concentration factor of the
nuctide.

Therefore, the increase of environmental radia-
tion level monitored with TLD or other physical
instruments represents only a part, probably a
miinor part, of the actually additionally absorbed
dose (external and internal) in biological tissues.
Indeed, the increases of pink mutations detected in
the stamen hairs of Tradescantia were much larger
than those expected to occur with the above very
small external doses monitored.

Before determining or tracing the most likely
cause of increasing mutations, it is necessary to
elucidate the responses of Tradescantia stamen
hairs to chronic exposures to radicactive nuclides
with different half lives. When the young inflores-
cences of KU 9 clone are exposed to a single acute
dose of 1 rem, the frequency of pink mutations
appearing in the stamen hairs of the mature flowers
opening after the exposure changes daily as shown
in Figure TA, with its peak after 12 days {curve
drawn based on earlier study (5) with higher
doses]. If the 1 rem exposure is repeated daily (or if
a 1 rem/day exposure continued) for 5 days, 10
days, or much longer, the resultant mutation fre-
quencies observed will be those obtained by inte-
grating the above curves for the 5, 10, or more days
as shown in Figure 7B. Peak values will be ob-
served 14 and 17 {or 18) days after the start of
exposure in cases of the 5- and 10-day exposures,
respectively, and the frequency will reach a plateau
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DAYS AFTER IRRADIATION

0 4 8 12
DAYS AFTER STARTING IRRADIATION

Ficure 7. Daily changes of pink mutation frequency in the
stamen hairs of KU 9 clone expected to oceur after (A) a
single acute exposure with 1 R and {B) a constant exposure at
i R/day.

22 days after the start of exposure in case of
continuous exposure.

However, when a radicactive nuclide is deposited
on young inflorescences, the exposure due to the
radioactivity will not be constant because of the
decay of the maclide. For example, if we consider
the case of a single '*'I deposit which gives 1 rem of
exposure on the day of the deposit, the mutation
frequency resulted will show a curve as shown in
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Ficure 8. Daily changes of pink mutation frequency in the
stamen hairs of KU 9 clone expected to ogecur after (4) a
singte deposty of ™1 giving 1 B on the first day and (B)
continuous deposits of '™ of the amount same as in A per
day.

Figure 84, the curve obtainable after integrating
the mutation curves induced by the first-day expo-
sure, the second-day exposure, the third-day ex-
psure, and so on (daily exposure decreases to a half
every B8.05 days). The peak value appears 16 days
after the deposit of ™'1 in this case (It should be
noted that the curve will become closer to that in
Figure 7B in cases of other radioactive nuclides
with longer half lives). If the above amount of **'1
deposit occurs every day for a long period of time,
the daily increase in mmtation frequency will be
observed as shown in Figure 8B. This curve is
obtained also by integrating the curves (ag shown in
Figure 84) for the daily deposits, and it shows a
greatly elevated plateau of mutation frequency to
appear after more than 60 days. However, such a
constant deposit of ! does not seem practically
occurring, and a combination of a sporadically

Environmental Heaith Perspectives



intermittent '*'] deposits and a constant low-level
deposit seems instead more practical. We will
observe in that case a repetition of mutation
increases as in Figure 84 but with the frequency
level gradually rising.

The correlation observed between the oceurrence
of significantly increased mutation frequency and
the operation of nuclear plants indicated that the
increases had occurred about 12 davs to three
weeks after starting operation or about two to four
weeks after accidental shut down. Therefore. the
most likely major factor causative of mutations
seems to be a radioactive nueclide having a rela-
tively short (at least biologically) half life, as that of
"!1. The extraordinary high concentration factor of
10% to 107 of 3] from air into plant tissues (24, £5)
seems to give a support to this consideration. The
high efficiency of internal exposure from "I in
inducing pink mutations in Tradescantia (cione 02)
stamen hairs has also been reported, together with
the estimated doubling dose of 4 nCi per inflores-
cence for inducing mutations with *'1 (76).

Since a young inflorescence of clone 02 weighs
about lg, the above 4 nCi/inflarescence doublin%
dose means the "] concentration of about 4 x 10~
nCi/g in the inflorescence. Considering the 10° to
107 (pCi-g“ plant tissue/pnCi-em™ air) concentration
factor of *!1 mentioned above, it is estimated that
around 10-° to 10-1° pCi/em?® **'I concentration in air
is necessary to double the mutation frequency on
the assumption that '*'I concentrates only directly
from air into inflorescence. If we consider the
incorporation of 1*'I from leaves, stems and through
roots to be ten times the direct uptake (rather
conservative consideration), then10~'t0 107" wCi/em®
concentration of *!1 in air would result in the 10
wCi/g concentration in inflorescences. However, the
H1] concentrations in the air around nuclear power
plants are said not to exceed 10" wCi/em® (the limit
of detection). While we can by no means confirm it,
since no specific monitoring for "'I has has been
conducted, the possibility that ™'I was the main
cause of increasing mutations remains unsolved.

Another possibility concerns with “H whose bio-
logical significance as internal B-ray source has
been also clearly demonstrated in Tradescantia
stamen hairs (26). Though its half life is much
longer than that expected from the above consider-
ation, it seems probable that *H is rather quickly
washed out after rainfalls. However, *H seems less
suspected as compared with '*!I, since no clear
correlation was found between mutation data and
rainfall records.

Besides these two nuclides, other radiocactive
nuclides might have been involved. Our recent
study (15) showed that significantly high mutation
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frequency in stamen hairs was observed by culti-
vating Tradescantia clone 02 for 76 days in a soil
sample taken from the Bikini Island. The soil
sample contained 186 + 9 pCi/g "'Cs, 1.69 + 0.12
pCi/g *Co, and some other nuclides. The accumu-
lated external exposures of the inflorescences mea-
sured averaged only 62 mR, while the mutation
frequency observed corresponded to that induced
with about 500 mR. Therefore, it was concluded
that internal exposure was more significant than
external exposure also for these nuclides. Ditferent
radioactive nuclides such as *Mn, *Fe, “’Co, ™Sy,
%Zr, "Nb, "Cs, and *Ce have been usually
detected in water samples, soils, crops, tea leaves,
pine needles, grasses as well as cow's milk around
nuclear power plants. For example, *!Ce, ¥ Cs,
%Nb, ®Zr, "Syr, and *Mn were detected in tea
leaves collected from Omaezaki (near Hamaoka) in
May of 1978 at concentrations of 1.2, 0.15, 0.15,
0.11, 0.071, and 0.0085 pCi/g wet tissue, respective-
ly, together with traces of “’Co and *'Fe. A soil
sample from Sagara (also near Hamacka) collected
in October of 1978 was also found to contain 1.2
pCi/g of **'Cs. These various nuclides found in the
environment near nuclear power plants might have
affected the mutation frequency of Tradescantia
testers, though the magnitude of the influence
might not be large (comparing the figures given
above).

Although no clear determination could be made
to specify the cause(s} of increasing mutations
around nuclear facilities, the correlations of muta-
tion increases with wind direction and with the
operation of nuclear plants still cast a strong hint at
nuclear plants as the most suspect sources scatter-
ing the unspecified mutagen(s).
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